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INTRODUCTION
The Wide Band Spectral Imager (WBSI) onboard the Tiangong-II space lab was launched at the Jiuquan Satellite Launch Center of China on September 15, 2016 which has 14 visible and nearinfrared (VNIR) spectral bands covering the range from 403-990 nm at a spatial resolution of 100 m and two shortwave infrared (SWIR) bands with 200 m spatial resolution covering the range from 1230-1250 nm and 1628-1652 nm respectively. The spectral range of each band is shown in Table 1 . The WBSI images the Earth's surface in 300-killometer-wide swath which supports a wide range of applications such areas as plant, agriculture, forestry, geology, geography, ocean, water resource, natural hazard, and coastal researches. The SWIR bands are out of the visible light range. The SWIR bands can detect the minerals, man-made materials, plant water status, soil moisture and fire, and see in night and through smoke in a way that is invisible to the VNIR bands (Matheson and Dennison, 2012; Sanchez-Ruiz et al., 2014; Young, 2015) . Therefore, it is often hopeful to have a high spectral resolution and spatial information combined in the same file (Padwick et al., 2010) . The integration of the WBSI imagery of Tiangong-II is difficult because the VNIR and SWIR bands have the different spatial resolutions. Except the images are resized by the nearest neighbour or cubic convolution interpolation methods so that all VNIR and SWIR bands have the same size of pixels (Wahi et al., 2013; Pour and Hashim, 2013) , thus sharpening should be used to combine the low resolution SWIR image with the high resolution VNIR image to produce a spatial resolution of 100 m image including 14 VNIR bands and two SWIR bands.
Many sharpening techniques exist in the literature (Vaiopoulos and Karantzalos, 2016) . Some of them have been embedded in ENVI software, the famous commercial remote sensing software, and thus make the image analyzers convenient to automatically fusion the different spectral and spatial resolution images. However, the above methods cannot be directly used because the WBSI onboard Tiangong-II has not a panchromatic band. Moreover, the similarity between the low spatial resolution images and high spatial resolution images is crucial for the quality of the fusion images (Aiazzi et al., 2005; Nikolakopoulos, 2006; Pak etl al., 2017) . But the VNIR bands of the WBSI do not overlap spectrally with the SWIR bands. To sharpen a WBSI image of Tiangong-II, a specific multispectral band should be considered as an optimal panchromatic band with 100 m spatial resolution. The selected and synthesized bands from the existed multispectral bands is an effective approach, which has been successfully applied in sharpening the VNIR and SWIR bands of Sentinel-2 and the VNIR, SWIR and thermal infrared bands of ASTER (Aiazzi et al., 2005; Du et al., 2016; Vaiopoulos and Karantzalos, 2016; Wang et al., 2016; Park et al., 2017) .
The main goal of this work was to sharpen the two SWIR bands of the WBSI imagery of Tiangong-II with 200 m spatial resolution using the selected higher spatial resolution VNIR bands at 100 m and evaluate Gram-Schmidt transform (GS) embedded in ENVI software for sharpening of the SWIR bands of the WBSI.
MATERIALS AND METHODS

Data and Experiment Area
The WBSI Level 2 data was acquired on March 18, 2017, which was geometrically corrected product and covered the small areas of southern Tianjin City and the southeast of Hebei Province, and large areas of the northwest of Shandong Province. Three sub-regions were selected for the experiment area covered by 400400 pixels in bands with 100 m spatial resolution as shown in Figure 1 . The main reasons for the selection were, (1) to contain a variety of land cover classes including crop, forest, bare soil, resident, aquaculture, river, Sea and so on. The left is Area 1 where mainly had high-winterwheat-yield land and resident. The middle is Area 2 where mainly had the middle and low-winter-wheat-yield land, unsown land, resident, small reservoirs and winter jujube. The right is Area 3 where mainly had the middle-winter-wheat-yield land, resident, river, Sea, aquaculture, unsown land and forest; (2) exclude the lower right areas including cloud; (3) these region are also the core demonstration zones of Chinese R & D Demonstration Project on Bohai-rim's Breadbasket which aims to increase crop production by 3 billion kg by 2017 and 5 billion by 2020. Figure 1 . The relative location and size of the WBSI image of the Tiangong-II of the three experiment areas (400400 pixels in bands with 100 m spatial resolution, the left, Area 1; the middle, Area 2; the right, Area 3). A false colour composite is displayed (RGB B5-B8-B10)
Sharpening Method Used in This Work
In ENVI software version 5.1, two image sharpening methods for byte-scaled RGB imagery include HSV transform (HSV) and Colour normalization transform (Brovey) and three image sharpening techniques for spectral imagery include GramSchmidt transform (GS), Principal components transform (PC), and Colour normalized transform (CN). The descriptions on the algorithms of the aforementioned sharpening methods can be found in ENVI software version 5.1 help documents and some references (Vrabel, 1996; Vrabel et al., 2002; Nikolakopoulos, 2005; Sarp, 2014) . GS was one of the sharpening techniques with preserving the spectral characteristics and minimum information loss (Sarp, 2014; Gao et al., 2016) . In this work, GS sharpening method was applied, and the sharpening results from three sub-regions were evaluated. In this study, the GS sharpening procedure was the same every time except choosing the different low resolution pan band such as the SWIR Band 1, the SWIR Band2, average of the SWIR Band 1 and SWIR Band 2, and the high resolution VNIR Band.
Assessments of the Sharpening Images
Images are prone to spectral distortions during sharpening operations, especially if a high spatial resolution image not overlapped spectrally by the low spatial resolution multispectral bands or does not have similar spectral characteristics (Sarp, 2014; Pak et al., 2017) . In this work, the statistical parameters of the histogram, the minimum, the maximum, the mean, the standard deviation (St. dev.) value and correlation coefficient (CC) were used in order to select the optimal VNIR band as the panchromatic band and evaluate the quality of the sharpening images (Nikolakopoulos, 2006; Sarp, 2014) .
RESULTS AND DISCUSSIONS
Selected Band Analysis
The CC is used to statistically measure the intensity of a linear association between two images. In this work, the CC was applied to determine the selected bands from the set of VNIR bands which had the high correlations with each SWIR bands. Firstly, the VNIR bands were resized to match the spatial resolution of the SWIR bands using the nearest neighbour algorithm which uses the nearest pixel values without interpolation to preserve the original pixel values of the SWIR bands. The opposite process was also done to more fully understand the correlations between the VNIR and SWIR bands. Table 1, Table 2, Table 3 , Table 4 , Table 5 and Table 6 described the CC between the VNIR and SWIR bands. The more similarity between the VNIR bands and the SWIR bands showed the higher correlation coefficient values. It showed that the CC values of Area 3 were higher than those of Area 2, and those of Area 2 were higher than those of Area 1, which indicated that the more water areas the higher correlation coefficient values between the VNIR and SWIR bands. Compared Table 1 with Table 4, Table 2 with Table 3, and  Table 3 and Table 6 , the CC values between the VNIR and SWIR bands with 100 m spatial resolution were higher than those with 200 m spatial resolution at the Area 1, whereas the CC values between the SWIR Band 1and the SWIR Band 2 was lower. But at the Area 2 and Area 3, the opposite results were gotten. It showed that the CC values between the VNIR and SWIR bands with the downscaled results were higher than those with the upscaled results, and the CC values between the SWIR For the areas with more water bodies such as Area 3, all of the CC values between the VNIR Band 1-6 and the SWIR Band 1 and Band 2 were higher than 0.85. The maximum value in CC was observed at the VNIR Band1, whereas the maximum value in Mean and St. dev. of these six VNIR band was observed at the VNIR Band 6. For the areas with a few water bodies such as Area 2 and Area 1, the CC values between the VNIR Band 1-6 and the SWIR Band 1 were higher than 0.67. The maximum value in CC was also observed at the VNIR Band 1, whereas the maximum value in Mean and St. dev. of these six VNIR band was observed at the VNIR Band 6. Thus, it needs to evaluate these six VNIR bands to select the optimal band for sharpening the SWIR Band 1.
In Area 1 and Area2, for the SWIR Band 2, the CC values between the VNIR Band 7-9 and the SWIR Band 2 were higher than 0.60. Except the Area 1 with the downscaled 200 m spatial resolution image (Table 4) , the maximum value in CC occurred at the VNIR Band 7, whereas the maximum value in Mean and St. dev. of these six VNIR band was observed at the VNIR Band 9 and Band 7 respectively. Thus, it needs to evaluate these three VNIR bands to select the optimal band for sharpening the SWIR Band 2.
It is noteworthy that the CC values between the VNIR bands and the SWIR Band 2 for Area 1 with the downscaled 200 m spatial resolution image were less than 0.50 and the maximum value was observed at the VNIR Band 10. But Area 1 was the core demonstration zones for increasing winter wheat production. Therefore, it needs to evaluate the VNIR Band 7-12 to select the optimal band for sharpening the SWIR Band 2.
Comparison of the Sharpening Images
Quantitative and qualitative assessments could be performed on comparison of the sharpening images. A qualitative comparison was done through visual inspection of gray level and texture changes (Figure 2-4) . Quantitative evaluations could be done through consistency measurements between the sharpened images and the available reference images (Nikolakopoulos, 2006) . When no reference image existed, consistency measurements were known to be efficient at estimating a sharpened image using the correction coefficient (CC), root mean square error (RMSE), structural similarity index (SSIM), the erreur relative global adimensionnelle de synthese (ERGAS), universal image quality index (UIQI) and so on (Sarp, 2014; Vaiopoulos and Karantzalos, 2016; Pak et al, 2017) . Nevertheless, we did not agree that it was a good idea to evaluate the sharpened images through consistency measurements between the sharpened images and the downscaled low spatial resolution images. Therefore, a quantitative evaluation was performed to examine the spectral information preservation through the eight statistical parameters of the histogram, the minimum, the maximum, the mean, the St. dev., the median, the mode, the skewness and the kurtosis (Figure 5-7 ). The differences of the maximum values between the sharpened images from the different high resolution VNIR bands using four types of low resolution pan bands and the raw SWIR bands were relatively small, whereas the differences of the minimum values were relatively big (just the same as the statement by Nikolakopoulos (2006)), especially when the downscaled VNIR bands selected as the low resolution pan bands during the GS sharpening procedure. The skewness and St. dev. values of the sharpened images deviated from the raw SWIR band images seemed to be less than that of the kurtosis. It noted that from Area 1 to Area 3 with the increasing water areas the deviation of the skewness, the kurtosis and St. dev. values of the sharpened images from those of the raw SWIR band images gradually decreased. In general, when the SWIR Band 1 was selected as the low resolution pan band, the mean and St. dev. of the sharpened images were almost identical to that of the raw 200 m SWIR Band 1 image, and when the SWIR Band 2 was selected as the low resolution pan band, the mean and St. dev. of the sharpened images were almost identical to that of the raw 200 m SWIR Band 2 image. For four types of the low resolution pan bands, the minimum, maximum, mean, St. dev. values of sharpened images from the first six VNIR bands using the VNIR band as the low resolution pan band were far from those of the raw 200 m SWIR bands, whereas those of the VNIR Band 7-Band 12 were similar to those of the raw 200 m SWIR bands, indicating the relationships between the VNIR band and the SWIR band reduced the consistency of the sharpened image and the raw SWIR band when choosing the downscaled VNIR band as the low resolution pan band. At the Area 1, the kurtosis values of the sharpened SWIR Band 1 image with the SWIR Band 2 used as the low resolution pan band were greater than those from the SWIR Band 1 used as the low resolution pan band, moreover, the higher the CC were the greater the kurtosis values were, and vice versa. When the average of the SWIR bands were used as the low resolution pan band, the kurtosis and skewness values of the sharpened SWIR Band 1images from the six VNIR bands were smallest of four types of the low resolution pan band at the Area 1 and Area 2, indicating the trend to normal distribution of spectral values.
The higher the CC values between the VNIR bands with the SWIR Band 1 were more similar the skewness values of the sharpened SWIR Band 2 images were with the raw 200 m SWIR Band 2, and for the Area 3 it was also true for the kurtosis values. For the image with more water areas such as the Area 3 the statistical characteristics of the sharpened image with the downscaled VNIR bands as the low resolution pan band was obviously deviated from those of the raw SWIR bands although the spectral range was stretched which may be helpful for image classification. The sharpened SWIR Band 1 image from the VNIR Band 1 and the SWIR Band 1 selected as the high resolution pan and the low resolution pan band respectively were more similar to the raw 200 m SWIR bands, which indicated the VNIR Band 1 may be the optimal sharpening band for the SWIR for the Area 3 and similar images. Figure 5 . The minimum, maximum, mean, St. dev., median, mode, skewness and kurtosis of the sharpened images using the four types of low resolution pan band and raw images on the SWIR bands of the WBSI of Tiangong-II at the Area 1 Figure 6 . The minimum, maximum, mean, St. dev., median, mode, skewness and kurtosis of the sharpened images using the four types of low resolution pan band and raw images on the SWIR bands of the WBSI of Tiangong-II at the Area 2
For the Area 2, the optimal sharpened SWIR Band 1 image which had the similar spectral characteristics with the raw SWIR Band 1and enhanced texture information was got when the VNIR Band 1 was used as the high resolution pan band with the raw 200 m SWIR Band 1 was used as the low resolution pan band, and the optimal sharpened SWIR Band 2 image which had the similar spectral characteristics with the raw SWIR Band 1and enhanced texture information was got when the VNIR Band 7 was used as the high resolution pan band and the downscaled 200 m VNIR Band 1 was used as the low resolution pan band. For the Area 3, the difference between the SWIR Band 1 and SWIR Band 2 was small (Figure 4) , moreover, the CC values between the SWIR bands and the first six VNIR bands were greater than 0.85 (Table 6 ), it was difficult to evaluate the sharpened image by visual inspection, as mentioned above, the VNIR Band 1 may be the optimal sharpening band for the SWIR for the Area 3 and similar images.
For the image with fewer water areas and more vegetation such as the Area 1, compared with the SWIR Band 1 or the SWIR Band 2 used as the low resolution pan band, only one of two sharpened SWIR band images had the enhanced spatial and texture information, all of the sharpened two SWIR band images from the first six VNIR bands used as the high resolution pan band and the average of two SWIR bands or the downscaled VNIR band selected as the low resolution pan got the spatial and texture information enhancement. From the similarity of visual inspection, the later was better (Figure 8 ). Moreover, when the downscaled VNIR band was used as the low resolution pan band, the sharpened SWIR band images from the fourteen VNIR bands were similar, in other words, the CC values between the VNIR bands and the SWIR bands had few effects on the sharpen images. Of course, the higher the CC values were, the higher the quality of the sharpen images were. However, it was noteworthy that it was susceptible to the registration between the downscaled VNIR bands and the SWIR bands. When the VNIR band with the higher negative CC values with the SWIR Band 1 such as the VINR Band 7-14 at the Area 1, the sharpened SWIR Band 1 image with the SWIR Band 1 used as the low resolution pan band and the sharpened SWIR Band 2 image with the SWIR Band 2 used as the low resolution pan band and all of two sharpened SWIR bands with the average of two SWIR bands used as the low resolution pan band had the inverse spectral characteristics to the raw 200 m SWIR bands. For the first six VNIR bands, by visual inspection, the sharpened SWIR Band 1 images using the same VNIR band as the low resolution pan band was most similar to the raw SWIR Band 1 image, and the second was using the SWIR Band 2 as the low resolution pan band but had the poor image quality, and that of the SWIR Band 1 or the average of two SWIR bands as the low resolution pan band had more detailed texture information, especially that of the SWIR Band 1 used as the low resolution pan band was similar to the VNIR band. Except the SWIR Band 2 used as the low resolution pan band, the sharpened SWIR Band 2 images from the other three types of the row resolution pan band had the similar spectral and texture characteristics to the raw SWIR Band 2 image, that of the average of two SWIR bands as the low resolution pan band had more detailed texture information but had more noises. When the CC values between the VNIR bands and the SWIR Band 2 increased, the sharpened SWIR Band 2 image from the SWIR Band 1 used as the low resolution pan band and the sharpened SWIR Band 1 image from the SWIR Band 2 used as the low resolution pan band was more similar to the corresponding raw SWIR band images. Figure 7 . The minimum, maximum, mean, St. dev., median, mode, skewness and kurtosis of the sharpened images using the four types of low resolution pan band and raw images on the SWIR bands of the WBSI of Tiangong-II at the Area 3
When the VNIR band with the high positive CC value with the raw SWIR Band 1 was used to sharpen the SWIR image, more texture information was injected the sharpened SWIR Band 1 image, and the sharpened SWIR Band 2 image had more similar to the raw SWIR Band 2 image and vice versa. When the VNIR band with the relatively high negative CC value with the raw SWIR Band 1 and the relatively high positive CC value with the raw SWIR Band 2 was used to sharpen the SWIR image, more texture information was injected the sharpened SWIR Band 1 image but with the inverse spectral characteristics to the raw SWIR Band 1 image, and the sharpened SWIR Band 2 image had more similar to the raw SWIR Band 2 image and vice versa. 
CONCLUSSIONS
Although the 200 m resolution SWIR images from the WBSI of Tiangong-II can be simply resized by the nearest neighbour or cubic convolution interpolation methods to correspond to the VNIR 100 m spatial resolution images. But as shown in Figure  2 to Figure 4 , the resized image definition was not so desirable. Therefore, sharpening should be used to combine the low resolution SWIR image with the high resolution VNIR image to produce a spatial resolution of 100 m image including 14 VNIR bands and two SWIR bands. In this work, GS sharpening method embedded in ENVI software was applied based on four types of the different low resolution pan band such as the SWIR Band 1, the SWIR Band2, the average of the SWIR Band 1 and SWIR Band 2, and the high resolution VNIR Band. For the image with more water areas such as the Area 3, the VNIR Band 1 may be the optimal sharpening band. For the Area 2 with a few water and vegetated areas, the optimal sharpened SWIR Band 1 image was got when the VNIR Band 1 and the raw SWIR Band 1 was used as the high and low resolution pan band respectively, and the optimal sharpened SWIR Band 2 image was got when the VNIR Band 7 and the downscaled 200 m VNIR Band 1 was used as the high and low resolution pan band respectively. For the image with fewer water areas and more vegetation such as the Area 1, the sharpened two SWIR band images from the first six VNIR bands used as the high resolution pan band were similar, by visual inspection, the sharpened SWIR images using the same VNIR band as the low resolution pan band were most similar to the raw SWIR Band images. The VNIR band with the higher CC value with the raw SWIR Band was selected, more texture information was injected the corresponding sharpened SWIR band image, and at that time another sharpened SWIR band image preserve the similar spectral and texture characteristics to the raw SWIR band image. In the future, a comprehensive evaluation over more study areas and with the different sharpening techniques and the reference images and assessment indices should be performed which will include comparison of the spectral and texture information of the classified objects.
